Delivery of G3139 using releasable PEG-linkers: impact on pharmacokinetic profile and anti-tumor efficacy.
In order to overcome the problems of enzymatic degradation and short plasma half life, which can limit the delivery of antisense oligonucleotides, and the potential immuno-stimulatory effects of CpG motifs, we utilized a polyethylene glycol (PEG) technology that employed various releasable linkers (rPEG). 5'-20 kDa-PEGylation of an anti-Bcl-2 5'-aminoalkyl-oligonucleotide with the same sequence as G3139 (Compound 1) did not alter its binding to the heparin-binding protein bFGF, nor the release of cytochrome c from isolated mitochondria treated with the conjugates. However, in 518A2 melanoma cells in vitro, PEGylation resulted in greatly diminished cellular uptake. In striking contrast, PEGylation of 1 resulted in dramatically improved pharmacokinetic profiles in vivo, with a prolonged half-life (t1/2), increased plasma concentration, and increased area under the plasma concentration-time curve (AUC). In an in vivo melanoma 518A2 xenograft mouse model, treatment with either 5'-20 kDa-PEG-1 or 1 demonstrated similar tumor growth inhibition. Furthermore, in an in vitro mouse splenocyte culture system, attachment of a PEG moiety to 1 through releasable linkers abolished the immunostimulatory response that was observed for G3139. Our results demonstrate the potential of the in vivo use of PEGylated oligonucleotides, and point out the profound differences between in vitro and in vivo models of oligonucleotide activity.